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ABSTRACT 
Athletic fields and golf course greens are often constructed of calcareous 
sands. Supplemental calcium (Ca) applications are frequently recommended to 
these areas based on the belief that theCa from the calcium carbonate (CaC03) in the 
medium has limited availability to the plant. The objectives of this study were to 
determine if applications of additional Ca to grass grown on calcareous sand 1) 
increase the amount of Ca absorbed by the plant, 2) increase the clipping yield and 
quality of the grass plant, and 3) affect the availability of other nutrients. 'Midnight' 
Kentucky bluegrass (Poa pratensis L.) and 'Penncross' creeping bentgrass (Agrostis 
palustris Huds.) were grown on calcareous sand during two greenhouse 
experiments. Treatments included a control, calcium sulfate (CaS04), calcium 
carbonate (CaC03), calcium nitrate [Ca(N03) 2·4H20], and calcium chelate 
incorporated into the media at 23 g·m-2 Ca. There were no differences inCa tissue 
content in response to Ca treatment for either species grown on calcareous sand. 
However, during the first year, calcium nitrate applied to creeping bentgrass 
reduced the leaf Mg concentration by 15%. A two-year field trial was established on 
a calcareous sand-based 'Crenshaw' creeping bentgrass green. The same five 
treatments from the greenhouse trial were utilized, but the rate was split into 5 
monthly applications at 4.5 g Ca·m-2 per month. Urea was added to balance the 
nitrogen (N) found in the calcium nitrate and calcium chelate treatments. 
Throughout the experiment, there were no differences in tissue Ca content, visual 
quality or clipping yield in response to the Ca treatments. However, during the first 
year, creeping bentgrass grown in plots receiving gypsum contained 11% less Mg 
than the creeping bentgrass in the control plots, which may suggest that excess Ca 
vii 
can be detrimental to the uptake of magnesium. Since there were no increases in Ca 
content or quality and there were some possible detrimental Ca-Mg interactions, 
supplemental Ca applications to grasses established on calcareous sand are not 
recommended. 
1 
GENERAL INTRODUCTION AND LITERATURE REVIEW 
Turfgrass Systems 
To increase drainage and decrease compaction, most golf course greens and 
athletic fields are constructed with a sandy root-zone mix, that is recommended by 
the United States Golf Association (USGA) (Snow, 1993). These sandy root zone 
mixes will have low cation exchange capacities (CEC), ranging from 1 to 6 cmolc•kg-1 
(Christians, 1990). With so few cation exchange sites available, applying the correct 
amount of fertilizer to provide adequate plant nutrition without causing nutrient 
leaching can be difficult. To further complicate the problem, the sand used for 
greens and athletic field construction in many areas of the United States is often 
calcareous. Calcareous sands are defined as having any amount of free carbonates, 
usually as combinations of calcium carbonate (CaC03) and/ or magnesium carbonate 
(MgC03). The free carbonates in these sands will often range from 1% to 40% by 
weight. The carbonates will also buffer the pH at approximately 8.2, but standard 
pH meters may measure it in a range from 7.3 to 8.5 (Christians, 1990). This very 
high pH can limit the availability of many other nutrients, like iron (Fe), manganese 
(Mn), and boron (B), adding to the difficulties in managing turfgrass. 
Calcium Fertilizing 
In the turfgrass industry today, there are many different fertilizers and "turf-
care" products promising to improve turfgrass health and appearance. Turfgrass 
professionals have been spending more and more dollars on specialty fertilizers and 
bio-stimulants over recent years. There has been a growing trend to apply 
supplemental calcium (Ca) to calcareous sand-based golf course greens and athletic 
2 
fields. Usually, these applications are made with granular gypsum (CaS04), CaC03, 
or liquid sprays of calcium chelate. The main reason generally cited for applying 
supplemental Ca to grass established on calcareous sand is the belief that the CaC03 
does not breakdown easily or quickly enough to be readily available for plant 
uptake. There is a lack of data supporting this idea, and further work is needed to 
determine the availability of the Ca in the CaC03 to turfgrass. 
Research demonstrating turfgrass response to Ca and the interaction of Ca 
and calcareous sand systems is limited. One study by Love (1963), detailed the 
symptoms of many nutrient deficiencies, including Ca, on 'Merion' Kentucky 
bluegrass (Poa pratensis L.), 'Seaside' creeping bentgrass (Agrostis palustris Huds.), 
and 'Pennlawn' creeping red fescue (Festuca rubra L.). For all three species, Ca 
deficiency symptoms changed as the plant aged, starting as a reddish-brown 
discoloration along the margin of the leaf blade (Love, 1963). Older leaves showed 
this discoloration extending inward to the midvein, changing the leaf to a rosy red 
color (Love, 1963). Kentucky bluegrass, creeping bentgrass, and creeping red fescue 
became deficient inCa when the leaf Ca concentration reached 500,2700, and 1900 
mg•kg-1, respectively (Love, 1963). 
Research on other crops has shown that fertilizing muscadine grapes (Vitis 
rotundifolia Michaux) with calcium chloride increased leaf Ca concentrations, but did 
not alter the growth of the grapes (Spiers and Braswell, 1994). Even though Spiers 
(1993) found that the leaf Ca concentration increased when Ca was applied to 
rabbiteye blueberries (Vaccinium ashei Reade) established on water-washed sand, 
there were no changes in the growth or color of the plant. 
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Basic Cation Saturation Ratio Theory 
Other applications of Ca are sometimes recommended on the basis of the 
Basic Cation Saturation Ratio (BCSR) theory of soil testing. According to this 
theory, optimal plant growth is achieved when the basic cations exist within the 
ratios of 65 to 85% Ca, 6 to 12% Mg, and 2 to 5% K, with H ions occupying the 
remaining sites (McLean, 1977). Even though the sands are calcareous, MgC03 may 
be the main carbonate in the sand. In this situation, Ca might comprise less than 
65% of the CEC, therefore, supplemental applications of Ca would be recommended 
under the BCSR theory. 
While much research has been conducted applying the BCSR method to 
agronomic crops, little research has been done applying the BCSR method to 
different types of soil and even less research has been done applying this theory to 
turfgrass growth. Abedin et al. (1998) concluded that the BCSR method does not 
make proper fertilizer recommendations for wheat (Triticum aestivum) grown on the 
calcareous soils of Bangladesh. Research conducted by Sartain (1993) found that 
maintaining a precise soil Ca to Mg ratio in 'Tifway' bermudagrass ( Cynodon 
dactylon (L.) Pers. x Cynodon transvaalensis Burtt Davy) and 'Pennant' perennial 
ryegrass (Lolium perenne L.) is not important. Even in the presence of a 100 to 1 soil 
extractable Ca to Mg ratio, the growth rate of bermudagrass was not changed 
(Sartain, 1985). From growth chamber experiments, Eckert and McLean (1981) 
stated that the balance of basic cations was only important when one element 
became deficient due to an excess of other cations, and that there is no ideal basic 
cation saturation ratio for all crops. With a large majority of the commercial soil 
testing facilities using the BSCR concepts for fertilizer recommendations (McLean, 
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1977), more work needs to be done to determine its effectiveness on sand-based 
turfgrass systems. Recently, it has also become more commonplace to find 
recommendations for Ca applications being made even without a soil test. 
Fertilizing with Ca may increase exchangeable Ca concentrations, but in sands 
comprised of such large quantities of CaC03, adding more exchangeable Ca should 
not be necessary. 
Calcium Interactions With Other Nutrients 
The ratio of basic cations is only important when one cation becomes so 
excessive that it limits the availability of the others (Eckert and McLean, 1981). 
Excess Ca fertilization could potentially shift the cation equilibrium and remove the 
other cations, like Mg or potassium (K), from exchange sites, causing plant 
deficiencies of these elements. This is known as nutrient antagonism (Nelson, 1991). 
Spiers and Braswell (1994) found that when muscadine grapes (Vitis rotundifoilia 
Michaux) were grown on a washed sand medium and fertilized with Ca, the leaf Mg 
content was decreased, but plant growth was not affected. Conversely, high Ca 
fertilization increased the amount of Mg found in the leaf tissue of rabbiteye 
blueberries, but also did not affect the plant growth or vigor (Spiers, 1993). 
Fertilization with either K or Mg has been shown to reduce the tissue Ca 
concentration of tall fescue (Festuca arundinacea Screb.) (West and Reynolds, 1984). 
Applications of either K or Mg to bermudagrass and perennial ryegrass reduced the 
levels of extractable soil Ca (Sartain, 1993). Miller (1999) also found that increasing 
the amount of K fertilizer applied to bermudagrass established on both a sand-peat 
and a loamy sand, decreased the soil extractable amount and the tissue 
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concentration of Ca and Mg. Excess Ca fertilization may also hinder the ability of 
the plant to absorb phosphorus (P), since Ca, in the presence of CaC03, will 
precipitate with P and form insoluble calcium phosphates (Larsen, 1967). Increasing 
lime concentrations reduced P uptake of sudangrass (Sorghum bicolor, L.) and potato 
(Solanum tuberosum L.) (Westermann, 1992). More research is needed to determine if 
additional Ca applied to turfgrass established on calcareous sands will have any 
detrimental nutrient interactions. 
Objectives 
The objectives of this research were to determine the benefits or detriments of 
applying supplemental Ca to turfgrass established on calcareous sand. Specifically, 
the objectives were to determine if additional Ca 1) increases the amount of Ca 
absorbed by turfgrass, 2) increases clipping yield and/ or quality, and 3) affects the 
availability of other nutrients to the plant. 
Thesis Organization 
This thesis is organized into four chapters. The first chapter is a general 
introduction and review of the literature relevant to this thesis. The second chapter 
is a manuscript of the greenhouse research experiments submitted for publication to 
the International Turfgrass Society Research Journal. The third chapter is a manuscript 
of the experiments performed at the Turf Research Farm to be submitted to Crop 
Science. The fourth chapter reviews the overall results and conclusions drawn from 
both manuscripts. 
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SUPPLEMENTAL CALCIUM APPLICATIONS TO TURFGRASS ESTABLISHED 
ON CALCAREOUS SOILS 
A paper submitted to the International Turfgrass Institute Research Journal 
Rodney A. St. John, Nick E. Christians, and Henry G. Taber 
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Kentucky bluegrass, Poa pratensis L., cation exchange capacity, gypsum, calcium 
carbonate, calcium chelate. 
Abstract 
Athletic fields and golf course greens are often constructed of calcareous sands. 
Supplemental calcium (Ca) applications are frequently recommended to these areas 
based on the belief that the Ca from the CaC03 in the medium has limited 
availability to the plant. Our objectives were to determine if applications of 
additional Ca to grass grown on both calcareous and silica medium increase the 
amount of Ca absorbed by the plant and if Ca applications increase the clipping 
yield and quality of the grass plant. 'Midnight' Kentucky bluegrass (Poa pratensis L.) 
and 'Penncross' creeping bentgrass (Agrostis palustris Huds.) were grown on either 
calcareous or silica sand during two greenhouse experiments. Treatments included 
a control, calcium sulfate (CaS04), calcium carbonate (CaC03), calcium nitrate 
[Ca(N03) 2·4H20], and calcium chelate incorporated into the media at 23 g·m-
2 Ca. 
The Ca treatments did not affect the clipping weights of Kentucky bluegrass grown 
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on calcareous sand in either experiment. Of the five Ca treatments applied to 
creeping bentgrass grown on calcareous sand in the first study, only CaC03 
increased total clipping weight. This effect was not repeated in the second study. 
There were no differences inCa tissue content in response to Ca treatment for either 
species grown on calcareous sand. With the exception of the CaS04 treatment in the 
second study, adding Ca to silica sand increased the concentration of Ca of creeping 
bentgrass an average of 78% in study 1 and 60% in study 2. In the first study, 
adding CaC03 or Ca chelate to Kentucky bluegrass grown on silica sand also 
increased the leaf Ca content by 48%. But these increased concentrations of Ca on 
silica sand were not different from the amount of Ca found in grass grown on the 
calcareous control. Kentucky bluegrass and creeping bentgrass are capable of 
obtaining Ca from calcareous sands, and no additional Ca is needed. 
Introduction 
Many golf course greens and athletic fields are constructed using the United 
States Golf Association (USGA) specifications, which utilize a sandy root-zone mix 
(Snow, 1993). These sands may be calcareous- or silica-based and will usually have 
a cation exchange capacity (CEC) ranging from 1 to 6 cmolc•kg-1 (Christians, 1990). 
Calcareous soils contain free CaC03, and their pH is around 8.2, but standard pH 
meters may measure it in a range from 7.3 to 8.5 (Christians, 1990). In the central 
United States, many greens and athletic fields are constructed with calcareous-based 
sands that often contain 1% to 40% free CaC03 by weight (Christians, 1990). 
The reason generally cited for applying supplemental Ca to grass established 
on calcareous sands is the belief that theCa in CaC03 is not available for plant 
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uptake. There is a lack of data supporting this idea, and further work is needed to 
determine the availability of CaC03 to plants. 
Another reason for the application of supplemental Ca on calcareous-based 
systems is determined by the Basic Cation Saturation Ratio (BCSR) theory of soil 
testing. According to this theory, optimal plant growth is established when the 
basic cations exist within the ratios of 65 to 85% Ca, 6 to 12% Mg, and 2 to 5% K, 
with H ions occupying the remaining sites (McLean, 1977). Eckert and McLean 
(1981) also stated that the exact balance of cations is not important, as long as Ca is 
the dominating cation, and that the ratio of basic cations is only important when one 
cation becomes so excessive that it limits the availability of the others. Even though 
calcareous sands contain CaC03, Ca may compromise less than 65% of the CEC, 
therefore supplemental applications of Ca are recommended under the BCSR 
theory. 
Usually, applications of Ca to sand-based golf course greens and athletic 
fields are made with granular CaS04, CaC03, or liquid sprays of calcium chelate. 
Research demonstrating turfgrass response to Ca is limited. One study by Love 
(1963) detailed the symptoms of many nutrient deficiencies, including Ca, on 
Kentucky bluegrass, creeping bentgrass, and red fescue (Festuca rubra L.). For all 
three species, Ca deficiency symptoms changed as the plant aged, starting as a 
reddish-brown discoloration along the margin of the leaf blade (Love, 1963). Older 
leaves showed this discoloration extending inward to the mid vein, changing the leaf 
to a rosy red color (Love, 1963). Although Spiers (1993) found that applying Ca to 
rabbiteye blueberries (Vaccinium ashei Reade) established on water-washed sand 
11 
increased the concentration of leaf Ca, fertilization with Ca did not change the 
growth or color of the plant. 
Excess Ca fertilization could potentially shift the cation equilibrium and 
remove the other cations, like Mg or potassium (K), from exchange sites, causing 
plant deficiencies of these elements. Excess Ca fertilization may also hinder the 
ability of the plant to absorb phosphorus (P), since Ca in the presence of CaC03 will 
precipitate with P and form insoluble calcium phosphates (Larsen, 1967). More 
research is needed to determine if supplemental Ca applications are needed for 
grass established on calcareous sands and to determine if excess Ca applications 
have any detrimental effects. 
Our objectives were to determine if additional Ca applied to Kentucky 
bluegrass and creeping bentgrass grown on both calcareous and silica medium 1) 
increases the amount of Ca absorbed by these grasses, 2) increases their clipping 
yield and quality, and 3) affects the availability of other elements to the plant. 
Materials and Methods 
'Penncross' creeping bentgrass and 'Midnight' Kentucky bluegrass were 
grown separately on silica sand or calcareous sand in the greenhouse in round pots 
with 12.7-cm diameter and 15.2-cm depth. Treatments included a control with no 
Ca added, CaS04, CaC03, Ca(N03) 2·4H20, and "Nutri-Cal" liquid calcium chelate 
(C. S.l. Chemical Corp., Bondurant, lA) (8% Ca, 6% N) incorporated into the media 
at levels equivalent to an application of 23 g.m-2 of Ca to the surface. Potassium and 
P were added using KH2P04 at rates equivalent to 4.9 g·m-
2 P and 5.9 g·m·2 K. 
Because calcium nitrate and calcium chelate contain N, ammonium nitrate 
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(NH4N03) was added to the other treatments to equal the amount of N derived from 
these sources, 17.4 g·m-2 N. With the exception of the liquid Ca chelate, laboratory-
grade nutrients were used to minimize contamination and to ensure that the 
nutrients would more readily dissolve into the soil solution. 
The silica sand (Unimin Corporation, Portage, WI) had a CEC of 0.14 
cmolc•kg-1, a pH of 7.2, and had an organic matter content of 1.0 g·kg-1 (Table 1). Ca, 
Mg, K, and sodium (Na) occupied the following percentages of the cation exchange 
sites of the silica sand, respectively, 38.7, 34.7, 13.7, and 12.9% (Table 1). The 
calcareous sand had a CEC of 2.88 cmolc·kg-1, a pH of 8.2, and an organic matter 
content of 2 g·kg-1 (Table 1). Ca, Mg, K, and Na occupied the following percentages 
of the cation exchange sites of the calcareous sand, respectively, 90.2%, 8.3%, 0.8%, 
and 0.7% (Table 1). 
Grass plugs, 10.8 em in diameter, were taken from the field, washed to 
remove the soil, and then placed on the sand in the pots. The first experiment began 
on 15 September 1998, with the first set of clippings taken on 6 October 1998. The 
experiment ended with the last set of clippings taken on 24 November 1998. The 
second experiment began on 5 February 2000 and ended on 29 April2000. The 
plants were grown under high-pressure sodium lamps with a 14-hour photoperiod 
and a daily high and low average temperature of 27 oc and 23 °C, respectively. At 
the end of each experiment, we weighed the roots after 6 days of oven drying at 
67°C. 
Clippings were taken weekly or bi-weekly, as needed, dried at 67 oc for 6 
days, and weighed. The clippings were ground in a Wiley mill to pass through a 40-
mesh screen and then analyzed for nutrient content. Total leaf N was determined by 
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using a modified micro-Kjeldahl (TKN) digestion procedure Gones, 1991; Nelson 
and Sommers, 1980) in combination with a nitroprusside-salicylate assay (Wallet al., 
1975) using flow injection analysis (Smith and Scott, 1990). After dry ashing at 490 
°C and digesting in aqua-regia, leaf tissue nutrient concentrations were determined 
by using inductively coupled argon plasma emission (ICAP) techniques Gones, 1977; 
Munter and Grande, 1981) on an IRIS/ AP Duo (Thermo Jarell-Ash, Franklin, MA) 
with a charged injection device (Epperson et al., 1988). 
The experimental design was a randomized complete block design with a 
split-plot arrangement. The species were whole plots with a factorial arrangement 
of sand type and Ca treatments as subplots replicated four times. The data were 
analyzed using the General Linear Models (GLM) procedures of the Statistical 
Analysis System software (SAS Institute Inc., 1996). 
Results 
Grass grown on calcareous sand showed no visual differences in color or leaf 
texture in response to treatments throughout either experiment. Adding Ca to 
Kentucky bluegrass on calcareous sand did not increase the clipping yield in either 
experiment (Tables 2 and 3), but in 1998, adding CaC03 to creeping bentgrass on 
calcareous sand increased clipping yield by 15% (Table 2). Gypsum applied to 
creeping bentgrass grown on silica sand increased the clipping weight by 32% in 
1998 and by 52% in 2000 (Tables 2 and 3). During the first experiment, Ca chelate 
also increased the clipping weight of creeping bentgrass grown on silica sand by 
17% (Table 2). Averaged over both years (data not shown), creeping bentgrass 
produced an average of 36% more total dry leaf clipping weight than Kentucky 
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bluegrass. Averaged over both species and both years, turfgrass on the calcareous 
sand produced a dry weight total average of 2.5 g, whereas grasses grown on the 
silica sand produced an average total of 2.0 g of dry clippings. 
Neither Ca treatments nor sand type changed the root dry weight for either 
species in either experiment (Tables 2 and 3). Creeping bentgrass plugs produced an 
average of 250% more dry root tissue than did the Kentucky. 
With the exception of the CaS04 treatment in 2000, adding Ca to silica sand 
increased theCa concentration of creeping bentgrass an average of 78% in 1998 and 
60% in 2000 (Tables 2 and 3). In 1998, adding CaC03 orCa chelate to Kentucky 
bluegrass grown on silica sand also increased the leaf Ca content by 48% (Table 2). 
But these increased concentrations of Ca were not different from the amount of Ca 
found in the calcareous control (Tables 2 and 3). Creeping bentgrass contained an 
average of 9.8 g·kg-1 Cain 1998 and 10.2 g·kg-1 Cain 2000, whereas Kentucky 
bluegrass contained an average Ca concentration of 4.9 g•kg-1 in 1998 and 7.6 g·kg-1 
in 2000 (Tables 2 and 3). The two grasses grown on calcareous sand, averaged over 
all treatments, had an average leaf Ca concentration of 7.9 g•kg-1 and 9.3 g·kg-1 in 
1998 and 2000, respectively (Tables 2 and 3). The average Ca concentration for grass 
grown on the silica sand was 6.8 g•kg-1 in 1998 and 8.3 g·kg-1 in 2000 (Tables 2 and 
3). In both experiments, the addition of Ca to the calcareous sand did not increase 
the concentration of Ca in the leaf tissue of either species (Tables 2 and 3). 
The average N concentration of the Kentucky bluegrass over both 
experiments was 35.6 g•kg-1 of dry tissue, whereas there was 44.4 g·kg-1 N in the 
creeping bentgrass dry tissue (data not shown). Averaged over both years, the leaf 
N concentration measured in both grasses was 38.8 g•kg-1 and 41.2 g·kg-1 on 
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calcareous sand and silica sand, respectively. Neither sand type nor Ca treatment 
affected leaf N concentration in either year. 
During the first year, grass grown on silica sand had an average P 
concentration of 5.0 g·kg-1, whereas grass grown on calcareous sand only had 4.0 
g•kg-1 P (Table 2). This difference did not exist in the second year (Table 3). In 1998, 
CaS04 applied to silica sand increased the P content of both species an average 13% 
more than the grasses grown on the silica control. 
There were no species, sand type, or treatment differences for leaf K 
concentration during the first experiment. During the second experiment, grass 
grown on calcareous sand had a 12% increase in K leaf concentration compared with 
grass grown on silica sand (Table 3). The average leaf K concentration over both 
experiments for creeping bentgrass was 26.1 g·kg-1 and 22.5 g•kg-1 for Kentucky 
bluegrass (Tables 2 and 3). 
Creeping bentgrass had an average leaf Mg concentration of 42% higher than 
the Kentucky bluegrass (Tables 2 and 3). Turfgrass grown on calcareous sand had 
an average Mg concentration 13% higher than grasses grown on silica sand. In the 
first experiment, calcium nitrate applied to creeping bentgrass grown on calcareous 
sand decreased the concentration of Mg found in the leaves by 15% (Table 2). 
Averaged over both experiments, creeping bentgrass and Kentucky bluegrass 
had average leaf Mn concentrations of 137.6 mg•kg-1 and 70.1 mg·kg-1, respectively 
(Tables 2 and 3). During the second experiment, CaS04 and Ca(N03) 2 applied to 
calcareous sand increased the Mn content of the creeping bentgrass leaves by 33% 
and 50%, respectively (Table 3). 
16 
Discussion 
While the addition of Ca is clearly beneficial to Kentucky bluegrass and 
creeping bentgrass grown on silica sand due to increases in clipping yield and 
calcium content, there doesn't seem to be a benefit from applying Ca to these grasses 
grown on calcareous sand. The increased clipping yield that resulted from CaC03 
application to creeping bentgrass grown on calcareous sand during the first 
experiment was the only exception. We feel this increase may have been an 
anomaly, due to the fact that there was no increase inCa measured in the plants 
receiving the CaC03, and there was no other apparent increase in any of the other 
nutrients that could have accounted for an increase in clipping yield. Also, the 
response was not observed in the second study. Recent research on vegetable crops 
has shown that Ca fertilization increased leaf Ca concentrations (Martin and 
Liebhardt, 1994; Spiers, 1993; Spiers and Braswell, 1994), but plant health, growth, or 
color were not increased by extra Ca. Additional Ca applied to creeping bentgrass 
or Kentucky bluegrass established on calcareous sand did not benefit the overall 
quality and vigor of the plants. 
The addition of Ca to these grasses did affect the concentrations of the other 
nutrients. Both sands had very low CECs, limiting the number of cations each sand 
can hold at any one time. Therefore, the percentage of each ion on the exchange 
complex will change frequently. Adding an excess of any cation to a sand-based 
system may cause a shift in the concentration of the other cations. This is known as 
nutrient antagonism (Nelson, 1991), which may have caused the reduction in Mg 
concentrations of the creeping bentgrass grown on calcareous sand in 1998. This 
effect of Ca fertilization on Mg may have not been noticed on the silica sand, 
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because the silica sand had a larger Mg to Ca ratio than did the calcareous sand. 
Spiers and Braswell (1994) found that when muscadine grapes (Vitis rotundifoilia 
Michaux) were grown on a washed sand medium and fertilized with Ca, the leaf Ca 
content was increased, the leaf Mg content was decreased, but plant growth was not 
affected. Conversely, high Ca fertilization increased the amount of Mg found in the 
leaf tissue of rabbiteye blueberries, but it did not affect the plant growth or vigor 
(Spiers, 1993). 
We are unsure as to why there was an increase in tissue Mn content observed 
in response to some Ca treatments in creeping bentgrass plants grown on calcareous 
sand, but this may be due to a possible contamination of the ground tissue samples. 
The addition of Ca to the calcareous media did not result in a reduction in tissue P 
levels as has been speculated (Larsen, 1967). 
The results of this study indicate that creeping bentgrass may have a greater 
requirement for Ca than does Kentucky bluegrass. This observation is based on the 
fact that creeping bentgrass grown on the calcareous control had nearly twice the 
amount of Ca found in the tissue of bluegrass grown on the same media. 
The calcareous media used in these experiments was within the proper range 
of Ca and Mg recommended by the BCSR theory of soil testing. Further work 
would be required to determine if low CEC calcareous sands, with low Ca 
saturation ratios, would benefit from supplemental Ca applications. 
We observed nothing in these two greenhouse studies that would indicate a 
need for supplemental Ca applications to grass grown on calcareous media. Grass 
grown on silica sand does benefit from additional Ca. 
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Table 1. Soil analysis of the two sands used in both greenhouse studies. 
CEC t(cmolc•kg-1) 
pH 
Organic matter (g·kg-1) 
CaC03 (g·kg-
1) 
Ca 
Mg 
K 
Na 
H 
Ca 
Mg 
K 
Mn 
Sieve size 
mm 
1.0-0.5 
0.5-0.25 
0.25-0.15 
0.15- 0.106 
0.106- 0.053 
cut 
Calcareous sand Silica sand 
2.88 0.14 
8.5 7.2 
2.0 1.0 
110.0 0.2 
Base saturation 
90.2 
8.3 
0.8 
0.7 
0 
%------
38.7 
34.7 
13.7 
12.9 
0 
Nutrient concentration 
----- mg·kg-1-----
1462 
81 
26 
4 
13 
7 
9 
0.1 
Particle-size distribution 
g·kg-1 
19.9 
139.2 
591.3 
230.6 
16.8 
2.06 
0.0 
309.7 
570.2 
116.1 
1.8 
2.08 
t CEC, Cation Exchange Capacity. 
+ CU, Coefficient of Uniformity, calculated from D60/D10, where D60 and D10 
are nominal diameters at which 60 and 10% of the total weight passed. 
Table 2. Total clipping dry weight, root dry weight, and Ca, N, P, K, Mg, and Mn leaf concentrations for creeping 
bentgrass (Agrostis palustris Huds.) and Kentucky bluegrass (Poa pratensis L.) grown in the greenhouse in 1998 on 
either silica sand (S), (pH = 7.2) or calcareous sand (C), (pH = 8.2). The lower third is the General Linear Models 
procedure Pr > F results; Trt represents the calcium treatments. 
Creeping Bentgrass 
Clip Wt RootWt Ca N p K Mg Mn 
Treatments s c s c s c s c s c s c s c s c 
g g•kg- mg·kg-
NoCa 1.8 2.0 0.7 0.7 5.7 10.1 41.4 41.6 5.5 4.4 27.0 29.8 3.1 3.4 93.7 191.8 
CaS04 2.4 2.1 0.6 0.8 9.3 11.6 45.8 43.5 6.1 4.1 28.8 29.5 3.0 3.3 102.9 220.8 
CaC03 2.0 2.3 0.7 0.8 9.5 10.3 44.2 44.8 5.0 4.6 26.3 31.6 3.1 3.3 56.9 190.4 
Ca(N03)2 1.7 2.2 0.7 0.9 9.9 9.1 39.6 42.6 4.5 4.1 32.3 30.9 2.3 2.9 45.7 158.1 
Ca Chelate 2.1 2.2 0.8 0.6 11.9 10.7 43.5 43.5 4.7 4.4 30.2 29.8 3.0 3.1 56.2 178.1 
LSDo.os 0.3 ns 2.3 ns 0.8 2.3 0.4 47.2 
N 
N 
Table 2 (continued) 
Kentucky Bluegrass 
Clip Wt RootWt Ca N p K Mg Mn 
Treatments s c s c s c s c s c s c s c s c 
g g•kg-1 k -1 -mg• g-
NoCa 1.4 1.6 0.2 0.1 3.3 5.2 33.1 33.9 5.0 3.7 21.2 29.0 1.8 2.3 44.8 55.5 
CaS04 1.7 1.7 0.2 0.1 4.2 5.7 34.3 33.3 5.8 3.4 29.2 27.7 1.8 2.1 45.3 64.6 
CaC03 1.3 1.7 0.2 0.1 4.6 4.8 33.0 33.1 4.2 3.8 28.6 29.1 1.6 2.1 34.0 57.3 
Ca(N03) 2 1.5 1.6 0.2 0.1 4.2 5.3 33.0 33.9 4.3 3.7 29.8 28.3 1.6 2.2 30.9 54.6 
Ca Chelate 1.6 1.6 0.1 0.1 5.6 5.9 35.0 35.0 5.1 3.9 30.6 27.8 1.9 2.3 41.3 63.1 
LSDo.os ns 0.1 1.1 ns 0.3 ns 0.3 10.0 
N 
General Linear Models procedure Pr > F 
VJ 
Clip Wt RootWt Ca N p K Mg Mn 
Grass type 0.0004 0.0016 0.0006 0.0003 0.032 0.018 0.0003 0.0055 
Sand type 0.0020 0.75 0.0005 0.73 0.0001 0.25 0.0001 0.0001 
Grass*Sand 0.72 0.13 0.85 0.92 0.10 0.60 0.11 0.0001 
Trt 0.0023 0.80 0.0001 0.14 0.0008 0.095 0.0019 0.0010 
Sand*Trt 0.026 0.73 0.0009 0.52 0.0001 0.039 0.32 0.70 
Grass*Trt 0.27 0.82 0.19 0.21 0.26 0.71 0.019 0.035 
Grass* 0.37 0.28 0.10 0.94 0.62 0.41 0.87 0.96 
Sand*Trt 
Table 3. Total clipping dry weight, root dry weight, and Ca, N, P, K, Mg, and Mn leaf concentrations for creeping 
bentgrass (Agrostis palustris Huds.) and Kentucky bluegrass (Poa pratensis L.) grown in the greenhouse in 2000 on 
either silica sand (S), (pH= 7.2) or calcareous sand (C), (pH= 8.2). The lower third is the General Linear Models 
procedure Pr > F results; Trt represents the calcium treatments. 
Creeping Bentgrass 
Clip Wt RootWt Ca N p K Mg Mn 
Treatments s c s c s c s c s c s c s c s c 
g g·kg- -mg•kg--
NoCa 2.3 3.5 0.8 0.5 6.9 10.5 47.6 45.1 5.6 4.5 22.6 23.6 3.0 3.5 131.0 153.0 
CaS04 3.5 3.8 0.7 0.6 9.0 11.7 49.9 37.4 6.0 4.9 20.6 23.2 2.6 3.3 108.0 203.5 
CaC03 2.7 3.7 0.5 0.6 11.8 10.8 49.3 42.7 5.1 5.0 20.6 23.7 2.3 3.2 59.9 165.8 
Ca(N03)2 2.2 3.4 0.8 0.6 9.8 10.3 45.2 45.3 6.1 4.3 21.1 23.9 3.1 3.2 139.7 229.3 
Ca Chelate 2.4 3.2 0.4 0.5 10.3 10.5 46.5 47.7 5.6 4.7 21.7 25.5 2.8 3.1 89.3 178.5 
LSDo.os 0.6 ns 2.8 ns ns ns 0.5 46.4 
N 
H::-
Table 3 (continued) 
Kentucky Bluegrass 
Clip Wt RootWt Ca N p K Mg Mn 
Treatments s c s c s c s c s c s c s c s c 
g g·kg-1 -mg·kg-t_ 
NoCa 1.8 2.9 0.2 0.3 6.5 8.1 39.3 33.9 3.1 3.2 16.5 17.5 2.2 2.3 81.0 109.0 
CaS04 2.1 2.6 0.3 0.3 7.8 7.8 46.0 33.3 3.7 3.2 16.6 17.6 2.1 2.2 86.4 98.0 
CaC03 1.9 3.4 0.2 0.3 7.5 8.5 36.9 34.2 3.1 3.3 16.1 17.4 2.0 2.3 75.0 106.5 
Ca(N03) 2 2.3 2.5 0.3 0.3 7.4 7.4 40.0 34.3 4.0 3.1 15.7 18.2 2.1 2.2 86.8 113.0 
Ca Chelate 2.1 1.8 0.3 0.2 7.3 7.6 40.0 37.1 3.7 2.4 16.2 18.1 2.3 2.0 81.6 74.1 
LSDo.os 0.6 ns ns ns ns ns ns 24.4 
N 
General Linear Models procedure Pr > F 
Ul 
Clip Wt RootWt Ca N p K Mg Mn 
Grass type 0.82 0.017 0.024 0.054 0.025 0.068 0.0014 0.017 
Sand type 0.0001 0.58 0.0049 0.0008 0.0001 0.0001 0.0001 0.0001 
Grass*Sand 0.20 0.51 0.29 0.58 0.018 0.24 0.0002 0.0001 
Trt 0.0011 0.18 0.027 0.86 0.13 0.013 0.045 0.0001 
Sand*Trt 0.0087 0.18 0.087 0.12 0.0062 0.53 0.070 0.063 
Grass*Trt 0.027 0.56 0.46 0.58 0.75 0.024 0.23 0.018 
Grass* 0.031 0.17 0.19 0.79 0.68 0.75 0.33 0.0064 
Sand*Trt 
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SUPPLEMENTAL CALCIUM APPLICATIONS TO CREEPING BENTGRASS 
ESTABLISHED ON CALCAREOUS SAND 
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Abstract 
Sand-based athletic fields and golf course greens often contain large amounts 
of calcium carbonate. Calcium (Ca) is frequently applied to these areas based on the 
belief that the Ca within the calcium carbonate is not readily available for plant use. 
Our objectives were to determine if Ca applied to creeping bentgrass grown on 
calcareous sand increases Ca uptake, affects the clipping yield or quality of the grass 
plant, or affects the availability of other nutrients. A two-year field trial was 
initiated on a calcareous sand-based green established with 'Crenshaw' creeping 
bentgrass (Agrostis palustris Huds.). Treatments, included gypsum (CaS04), calcium 
carbonate (CaC03), calcium nitrate [Ca(N03) 2·4H20], and liquid calcium chelate 
applied over 5 months at 4.5 g Ca·m-2 per month and an untreated control. Urea 
was added to balance the nitrogen (N) found in the calcium nitrate and calcium 
chelate treatments. Throughout the experiment, there were no differences in tissue 
Ca content, visual quality or clipping yield in response to the Ca treatments. 
However, during the first year, creeping bentgrass grown in plots receiving gypsum 
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contained 11% less Mg than the creeping bentgrass in the control plots. Application 
of Ca did not affect the leaf concentrations of any other nutrients. Application of 
CaC03 and Ca(N03) 2 reduced the soil exchangeable K levels. CaS04, Ca(N03) 2 and 
Ca chelate reduced the soil exchangeable Mg levels. Supplemental Ca applications 
to creeping bentgrass established on calcareous sand had no beneficial effects and 
may reduce Mg and K availability. 
Introduction 
To increase drainage and decrease problems with compaction, most golf 
course greens and athletic fields are constructed with a sandy root-zone mix, 
recommended by the United States Golf Association (USGA) (Snow, 1993). Due to 
the inherent properties of sand, these root zone mixes will have low cation exchange 
capacities (CEC), ranging from 1 to 6 cmolc•kg-1 (Christians, 1990). With so few 
cation exchange sites available, applying the correct amount of fertilizer to provide 
adequate plant nutrition without causing over saturation of the exchange sites and 
nutrient leaching is very difficult. To further complicate the problem, the sand used 
for greens and athletic field construction in many areas of the United States is often 
calcareous. Calcareous sands are defined as having any amount of free carbonates, 
usually as combinations of calcium carbonate (CaC03) and/ or magnesium carbonate 
(MgC03). The free carbonates in these sands will often range from 1% to 40% by 
weight. The carbonates will also buffer the pH at approximately 8.2, but standard 
pH meters may measure it in a range from 7.3 to 8.5 (Christians, 1990). This very 
high pH can limit the availability of many other nutrients, like iron (Fe), manganese 
(Mn), and boron (B). 
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In recent years, more and more turf managers have been applying 
supplemental Ca applications to turf areas established on calcareous sand. Usually, 
these applications are made with granular CaS04, CaC03, or liquid sprays of 
calcium chelate. One of the main reasons generally cited for applying supplemental 
Ca to grass established on calcareous sand is the belief that the CaC03 does not 
breakdown easily or quickly enough to be readily available for plant uptake. There 
is a lack of data supporting this idea, and further work is needed to determine the 
availability of the Ca in the CaC03 to plants. 
A second reason for applying Ca to turfgrass is sometimes based on the Basic 
Cation Saturation Ratio (BCSR) theory of soil testing. According to this theory, 
optimal plant growth is achieved when the basic cations exist within the ratios of 65 
to 85% Ca, 6 to 12% Mg, and 2 to 5% K, with H ions occupying the remaining sites 
(McLean, 1977). Even though the sands are calcareous, MgC03 may be the main 
carbonate in the sand. In this situation, Ca might comprise less than 65% of the 
CEC, therefore, supplemental applications of Ca would be recommended under the 
BCSR theory. 
Research demonstrating turfgrass response to Ca and the interaction of Ca 
with calcareous sand systems is limited. Calcium deficiencies on 'Merion' Kentucky 
bluegrass (Poa pratensis L), 'Seaside' creeping bentgrass, and 'Pennlawn' creeping 
red fescue (Festuca rubra L.) have been described as starting as a reddish-brown 
discoloration along the margin of the leaf blade that moves inward to the mid vein as 
the leaf ages, changing the leaf to a rosy red color (Love, 1963). Kentucky bluegrass, 
creeping bentgrass, and creeping red fescue became deficient in Ca when the leaf Ca 
concentration reached 500, 2700, and 1900 mg•kg-1, respectively (Love, 1963). St. 
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John et al. (2001) concluded that Kentucky bluegrass and creeping bentgrass 
established on calcareous sand in the greenhouse were capable of obtaining their Ca 
requirements from calcareous sand, and no additional Ca is needed. Even though 
Spiers (1993) found that the leaf Ca concentration increased when Ca was applied to 
rabbiteye blueberries (Vaccinium ashei Reade) established on water-washed sand, 
there were no changes in the growth or color of the plant. Research conducted by 
Sartain (1993) found that maintaining a precise soil Ca to Mg ratio in 'Tifway' 
bermudagrass (Cynodon dactylon (L.) Pers. x Cynodon transvaalensis Burtt Davy) and 
'Pennant' perennial ryegrass (Lolium perenne L.) is not important. Even in the 
presence of a 100 to 1 soil extractable Ca to Mg ratio, the growth rate of 
bermudagrass was not changed (Sartain, 1985). 
The ratio of basic cations is only important when one cation becomes so 
excessive that it limits the availability of the others (McLean 1981). Excess Ca 
fertilization could potentially shift the cation equilibrium and remove the other 
cations, like Mg or potassium (K), from exchange sites, causing plant deficiencies of 
these elements. St. John et al. (2001) found that fertilizing creeping bentgrass 
established on calcareous sand with calcium nitrate reduced the leaf Mg 
concentration by 15%. Fertilization with either K or Mg has been shown to reduce 
the tissue Ca concentration of tall fescue (Festuca arundinacea Screb.) (West and 
Reynolds, 1984). Applications of either K or Mg to bermudagrass and perennial 
ryegrass reduced the levels of extractable soil Ca (Sartain, 1993). Miller (1999) also 
found that increasing the amount of K fertilized to bermudagrass established on 
both a sand-peat and a loamy sand, decreased the soil extractable amount and the 
tissue concentration of Ca and Mg. Excess Ca fertilization may also hinder the 
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ability of the plant to absorb phosphorus (P), since excess Ca, in the presence of 
CaC03, will precipitate with P and form insoluble calcium phosphates (Larsen, 
1967). Westermann (1992) found that increasing lime concentrations reduced P 
uptake of sudangrass (Sorghum bicolor, L.) and potato (Solanum tuberosum L.). More 
research is needed to determine if supplemental Ca applications are needed for 
grass established on calcareous sands, and to determine if excess Ca applications 
have any detrimental effects on the availability of other nutrients. 
The objectives were to determine the effects of applying supplemental Ca to a 
creeping bentgrass established on calcareous sand. Specifically, the objectives were 
to determine if additional Ca fertilization 1) increases the amount of Ca absorbed by 
creeping bentgrass, 2) increases the clipping yield and/ or quality of the bentgrass 
green, and 3) affects the availability of other nutrients to the plant. 
Materials and Methods 
A two year field study was established on a creeping bentgrass green at the 
Iowa State University Turf Research Farm. Treatments including a control, gypsum 
(CaS04), calcium carbonate (CaC03), calcium nitrate (Ca(N03) 2·4H20), and "Nutri-
Cal" liquid calcium chelate (C. S. I. Chemical Corp., Bondurant, lA) (8% Ca, 6% N) 
were applied to a 'Crenshaw' creeping bentgrass, sand-based green constructed 
without any organic or inorganic soil amendments. The calcareous sand in the 
green had a CaC03 content of 110 g•kg-
1 and an organic matter content of 4.3 g·kg-1• 
The green was maintained at a height of 3.81 mm. The irrigation water contained 3 
mg•kg-1 N03-N, 35 mg•kg-
1 Ca, and had a pH of 7.8 (Table 1). 
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Calcium was applied at a rate of 23g Ca·m-2 per year. That rate was split into 
5 equal monthly applications in June, July, August, September, and October. Since 
calcium nitrate and calcium chelate both contain N, urea [(NH2) 2CO] was added at a 
rate of 17.4 g.m-2 per month to the other treatments to balance the level of applied N 
across all the treatments. The urea, calcium nitrate, and calcium chelate were mixed 
with water (H20) and sprayed at a pressure of 207 kPa using a carbon dioxide (C02) 
powered backpack sprayer calibrated to spray 123 ml H 20·m-
2
• 
Clippings were taken immediately before the 4th and 5th treatment each year. 
The clippings were dried at 67 oc for 6 days, weighed, and ground in a Wiley mill to 
pass through a 40-mesh screen. Total leaf N was determined by using a modified 
micro-Kjeldahl (TKN) digestion procedure (Jones, 1991; Nelson and Sommers, 1980) 
in combination with a nitroprusside-salicylate assay (Wallet al., 1975) using flow 
injection analysis (Smith and Scott, 1990). After dry ashing at 490 oc and digesting 
in aqua-regia, leaf tissue nutrient concentrations were determined by using 
inductively coupled argon plasma emission (ICAP) techniques (Jones, 1977; Munter 
and Grande, 1981) on an IRIS/ AP Duo (Thermo Jarell-Ash, Franklin, MA) with a 
charged injection device (Epperson et al., 1988). 
Immediately before the 5th treatment application, root and soil samples were 
taken at random, yearly, from each plot. Three root samples were taken from each 
plot, washed, dried at 67 oc for 6 days, and weighed. Twelve soil sampling cores, 2 
em in diameter by 13 em in length, were taken from each plot. The thatch layer was 
removed and discarded. The 12 cores from each plot were combined and analyzed 
by several different methods. The MDS Harris Laboratories in Lincoln, NE, 
determined the basic exchangeable cations by the ammonium acetate (NH40Ac) pH 
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7.0 extraction method (Thomas, 1982) and the CEC was estimated by summing the 
exchangeable cations (Chapman, 1965). A set of Basic Cation Saturation Ratios was 
generated from these two procedures. The soil samples from both years were 
analyzed using these procedures. Further analysis of the soil samples from the 
second year was performed in the Plant Nutrition lab at Iowa State University. The 
exchangeable basic cations were determined by extraction with 0.5 M ammonium 
chloride (NH4Cl) pH 7.0 (Suarez, 1996). Another CEC determination was performed 
by saturating the soil with a 60% ethanol solution of 0.4N sodium acetate (NaOAc)-
0.1N sodium chloride (NaCl) and extracting the soil with O.SN magnesium nitrate 
(MgN03) (Rhoades, 1982). 
The experimental design was a randomized complete block design with three 
replications. The data were analyzed using the General Linear Models (GLM) 
procedures of the Statistical Analysis System software (SAS Institute Inc., 1996). 
Results 
Throughout both years of the study, there were no differences in color, 
quality, density or uniformity among any of the treatments. There were no 
differences in root dry weight or clipping dry weight during either year (Tables 2 
and 3). 
The addition of Ca to the plots on the bentgrass green did not increase the 
concentration of Ca found in the leaf tissue (Tables 2 and 3). However, in the first 
year, the addition of CaS04 reduced the leaf Mg concentration by 11% (Table 2). 
Application of supplemental Ca did not affect the concentrations of any of the other 
nutrients (Tables 2, 3 and data not presented). 
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Since there were no interacting effects between treatments and years from the 
NH40Ac extractions, the soil tests data were combined for analysis (Table 4). The 
concentration of extractable Ca in the soil did not increase in the plots where extra 
Ca was applied. TheCa Basic Cation Saturation Ratios were increased by 2, 1, and 
1% in the CaS04, Ca(N03) 2, and calcium chelate plots, respectively. Applications of 
CaC03 and Ca(N03) 2 reduced the extractable soil K levels by 19%. Gypsum, 
Ca(N03b and calcium chelate applied to the green reduced the extractable soil Mg 
concentration by 16, 17, and 15%, respectively. Magnesium Basic Cation Saturation 
Ratios were reduced in plots receiving CaS04, Ca(N03) 2, and calcium chelate by 13, 
11, and 11%, respectively (Table 4). 
The ammonium acetate pH 7.0 extraction and cation summation method 
overestimated the average soil exchangeable Ca and the CEC an average of 2.6 and 
2.4 times higher, respectively, compared to the NH4Cl and NaOAc/NaCl procedures 
(Table 4). The Mg and K saturation ratios from the ammonium acetate method were 
an average of 2.6 and 2.1 times lower, respectively, compared to the second set of 
extractions (Table 4). The average Ca:Mg ratio from the NH40Ac extractions was 
16.6 compared to the average Ca:Mg ratio of 6.8 from the NH4Cl procedure (Table 4). 
Discussion 
Since there were no increases in clipping yield, color, quality or Ca content of 
the creeping bentgrass, adding Ca to creeping bentgrass established on calcareous 
sand was not beneficial in this study. Recent research on Kentucky bluegrass and 
creeping bentgrass established on calcareous sand has also demonstrated that 
calcareous sand provides the necessary Ca required by both grasses and that extra 
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Ca applications are not needed (St. John et al., 2001). Further research on vegetable 
crops has shown that Ca fertilization can increase leaf Ca concentrations (Spiers, 
1993; Spiers and Braswell, 1994), but plant health, growth, and color were not 
improved. 
The addition of Ca to the green did affect the concentrations of the other 
nutrients. Sand has a very small CEC, limiting the number of cations it can hold at 
any one time. Therefore, the percentage of each ion on the exchange complex can 
easily change. Adding an excess of any cation to a sand-based system may cause a 
shift in the concentration of the other cations. This competition for exchange sites, 
known as nutrient antagonism (Nelson, 1991), may have caused the reduction in leaf 
Mg concentration of the bentgrass that received CaS04 during the first year. This 
effect of CaS04 was not significant during the second year, however there was a 
trend for lower leaf Mg concentrations in plots treated with CaS04• It is unclear why 
the reduction in tissue Mg concentration was not significant during the second year 
of the study. Also, there were reductions of exchangeable soil Mg and K and their 
corresponding Basic Cation Saturation Ratios in many treatments during both years. 
While reduction of leaf Mg concentration occurred only once in this study, over time 
the reduced Basic Cation Saturation Ratios and soil exchangeable concentrations of 
Mg and K could eventually cause plant deficiencies. This Ca induced Mg reduction 
has been noted by other researchers applying Ca to crops established on sand 
(Spiers and Braswell, 1994; St. John, et al., 2001). Many studies have concluded that 
maintaining a minimum critical level of Ca and Mg is more important than trying to 
target certain Ca to Mg ratios (Rossi et al., 1988; Sartain, 1985; Sartain, 1993; St. John, 
et al., 2001). As long as Ca is the dominating cation, the exact balance of cations is 
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not important (Eckert and McLean, 1981). Although it has been shown that excess 
Cain the presence of CaC03 will precipitate with P (Larsen, 1967), there was no 
apparent Ca-P interactions in this experiment, but P problems may develop with 
time. 
During the course of the experiment, it was determined that the procedures 
used by the private soil testing laboratory were incorrect for our calcareous samples. 
Therefore, a comparison analysis using a different set of procedures was performed 
on the second year's set of soil samples. The basic cation saturation ratios are based 
upon the total CEC of the soil and the concentration of exchangeable basic cations, 
which causes two problems when relating it to turfgrass systems. First, many 
turfgrass systems have a high sand content and have a limited CEC, which increases 
the chance for errors when calculating cation percentages of such a small cation 
exchange capacity. Secondly, many private soil testing facilities use the ammonium 
acetate (pH 7.0) method for determining exchangeable cations and the summation of 
the basic cations method (Chapman, 1965) to estimate the cation exchange capacity. 
These results are then combined to produce a set of Basic Cation Saturation Ratios 
(BCSR's). However, it has been shown that the NH40Ac pH 7.0 method should not 
be used on calcareous soils (Rhoades, 1982; Sumner and Miller, 1996; Normandin et 
al., 1998). The NH40Ac at pH 7.0 will dissolve some CaC03, thus overestimating the 
actual amount of exchangeable Ca in the soil. When the exchangeable basic cations 
are summed together to estimate a CEC value, the CEC will be greatly 
overestimated. Therefore, basic cation saturation ratios made from these two 
possibly erroneous numbers would also be misleading. Moreover, Ca:Mg ratios 
from the NH40Ac would also be erroneous. The Ca:Mg ratios were more than two 
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times higher in the analysis provided from the NH40Ac extractions compared to the 
NH4Cl extractions. Further work needs to be done to determine how many private 
laboratories are using incorrect soil testing procedures for calcareous soils, and how 
that affects the interpretation of the fertilizer requirements for turfgrass systems. 
Based upon both types of soil extraction tests, the calcareous sand used in this 
experiment was within the proper Ca and Mg ranges recommended by the BCSR 
theory of soil testing. Further work would be required to determine if low CEC 
calcareous sands, with low Ca saturation ratios, would benefit from supplemental 
Ca applications. 
Since there was no apparent increase in Ca content of the creeping bentgrass, 
no changes in visual color or quality of the bentgrass, and there were some possible 
detrimental interactions with added Ca and other nutrients, there is not a need to 
apply extra Ca to creeping bentgrass grown on calcareous sand-based. 
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Table 1. Analysis of the lake water used for irrigating plots. 
Irrigation Water Analysis 
mg·kg-1 
N03-Nitrogen 3 
Calcium 35 
Magnesium 22 
Potassium 17 
Phosphorus 1 
Chloride 29.0 
pH 7.8 
Alkalinity (meq·L-1) 2.8 
Table 2. Results from the 1999 Field Study on a 'Crenshaw' creeping bentgrass (Agrostis palustris Huds.) green. Dry 
root weight (Root Wt.) is an average of 3 core samples taken from each plot in October 1999. Clipping dry weight 
(Clip Wt.), and Ca, N, P, K, Mg, and Mn leaf concentrations are averages of two cuttings taken immediately before the 
41h and the 51h treatment applications. 
1999 Creeping Bentgrass Analysis 
Nutrient Concentration 
Treatment Root Wt. Clip Wt. Ca N p K Mg Mn 
g g·kg-1 mg·kg-1 
Control 0.4 14.7 5.4 25.7 1.8 15.8 1.99 53 
CaS04 0.3 14.0 5.6 25.7 1.7 16.0 1.77 61 
CaCo3 0.4 14.0 5.6 25.8 1.7 15.8 1.99 58 
Ca(N03h 0.4 16.5 5.6 25.4 1.8 16.2 1.90 57 
Ca Chelate 0.4 16.3 5.8 27.0 1.8 16.5 1.87 55 
LSDo.os ns ns ns ns ns ns 0.13 ns 
Sufficiency Ranges+ 5.0-7.5 45-60 3.0-6.0 22-26 2.5-3.0 50-100 
t Values taken from Mills, H.A. and J.B. Jones, Jr .. 1996. Plant Analysis Handbook II. Micromacro Publishing, 
Athens, GA. p. 347. 
~ 
N 
Table 3. Results from the 2000 Field Study on a 'Crenshaw' creeping bentgrass (Agrostis palustris Huds.) green. Dry 
root weight (Root Wt.) is an average of 3 core samples taken from each plot in October 2000. Clipping dry weight 
(Clip Wt.), and Ca, N, P, K, Mg, and Mn leaf concentrations are averages of two cuttings taken immediately before 
the 4th and the sth treatment applications. 
2000 Creeping Bentgrass Analysis 
Nutrient Concentration 
Treatment Root "\Alt. Clip ~6lt. C:a w p K ~4g Mn 
g g·kg-1 mg·kg-1 
Control 1.3 11.0 6.0 37.2 2.6 17.4 3.1 94 
CaS04 1.4 10.5 6.1 36.7 2.3 17.5 2.9 99 
CaCo3 1.4 11.2 6.1 36.3 2.5 16.6 3.2 92 
Ca(N03) 2 1.0 11.1 6.5 34.9 2.6 17.3 3.2 100 
Ca Chelate 1.4 11.4 6.5 35.4 2.5 17.4 3.2 104 
LSDo.os ns ns ns ns ns ns ns ns 
Sufficiency Ranges+ 5.0-7.5 45-60 3.0 - 6.0 22-26 2.5-3.0 50-100 
t Values taken from Mills, H.A. and J.B. Jones, Jr .. 1996. Plant Analysis Handbook II. Micromacro Publishing, 
Athens, GA. p. 347. 
.,p.. 
(.;J 
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Table 4. Average soil sample analysis of research plots at the end of 1999 and 2000 
using the ammonium acetate pH 7.0 extraction and summation method. The lower 
half is the soil analysis of the October 2000 samples using NH4Cl and NaOAc/NaCl 
extractions. 
NH40Ac Extraction 
Nutrient Concentration BCSR 
Treatment Ca K Mg p ECECt Ca K Mg 
mg•kg- cmolc·100g- % 
NoCa 1567 42 104 3.0 8.87 88.3 1.2 9.8 
CaS04 1531 37 87 2.8 8.52 89.8 1.2 8.5 
CaC03 1532 34 97 2.7 8.63 89.0 1.0 9.3 
Ca(N03)2 1478 34 86 2.5 8.27 89.6 1.0 8.7 
Chelate 1510 37 88 2.5 8.42 89.5 1.1 8.7 
LSDo.os ns 5.6 8.5 ns ns 0.9 ns 0.7 
Sufficiency >250 45-160 >20 9-60 
Rangesn 
NH4Cl and NaOAc/NaCl Extractions"' 
Nutrient Concentration BCSRf 
Treatment Ca K Mg CEC Ca K Mg 
mg·kg- cmolc·100g- % 
NoCa 583 46 89 3.65 77.4 3.1 19.5 
CaS04 606 52 84 3.60 78.6 3.5 17.9 
CaC03 589 37 88 3.43 78.2 2.5 19.3 
Ca(N03) 2 564 43 91 3.54 76.8 3.0 20.1 
Chelate 612 35 83 3.33 79.8 2.4 17.9 
LSDo.os ns ns ns ns ns ns ns 
0 Average soil analysis from samples taken in October 1999 and October 2000. 
t Effective Cation Exchange Capacity determined by addition of basic cations. 
n Values taken from Puhalla, J., J. Krans, and M. Goately. 1999. Sports fields: A 
manual for design, construction, and maintenance of sports fields. Ann Arbor 
Press, Chelsea, MI. p. 41. 
'¥Soil analysis of the samples taken in October 2000. 
+ Basic Cation Saturation Ratios determined using the ECEC from these extractions 
which was 3.76, 3.85, 3.76, 3.69, and 3.84 cmolc•lOOg-1, respectively. 
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GENERAL CONCLUSIONS 
Calcium applications to turfgrass 
In both the greenhouse studies and field study, supplemental applications of 
Ca did not affect the growth, color, or calcium content of the turfgrass plants 
established on calcareous sands. However, additional Ca negatively affected the 
leaf and soil concentration of magnesium and potassium. In the greenhouse studies, 
the addition of Ca(N03) 2 reduced the leaf Mg concentration by 15%. In the field 
study, the addition of CaS04 to the creeping bentgrass green reduced leaf Mg 
concentration by 11%. Furthermore, the addition of CaC03 and Ca(N03) 2 reduced 
the soil extractable K levels, and applications of CaS04, Ca(N03)z, and calcium 
chelate also reduced the concentration of soil extractable Mg in the field study. 
Although it has been shown that excess Cain the presence of CaC03 will 
precipitate with P (Larsen, 1967), there was no apparent Ca-P interactions in these 
experiments. But, the importance of P to turfgrass health and the large amount of 
CaC03 found in calcareous sands makes considering any possible future Ca-P 
interactions important. 
Since, applications of Ca did not increase clipping yield, Ca content, or 
quality and since Ca interacted negatively with Mg and K, supplemental calcium is 
not recommended to turfgrass established on calcareous sand. 
BCSR Theory 
This study did not validate or invalidate the BCSR theory for calcareous-
based turfgrass systems, but much research has shown that as long as Ca is the 
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dominating cation, basic cation saturation ratios are not important (Eckert and 
McLean, 1981). It is more important to maintain a minimum critical level of Ca and 
Mg in greens and athletic field root zones, than to try and target a particular Ca to 
Mg ratio (Rossi et al., 1988; Sartain, 1985; Sartain, 1993;) 
Soil Testing Procedures 
Most private soil testing labs in the United States use the BCSR theory for 
making fertilizer recommendations (McLean, 1977). Furthermore, it was determined 
during the course of these experiments, that many private labs also use ammonium 
acetate (NH40Ac) buffered to pH 7.0 (Thomas, 1982) to extract the exchangeable 
cations, and then sum the basic cations to estimate the cation exchange capacity 
(Chapman, 1965). The NH40Ac method on calcareous soils will dissolve some 
CaC03 and overestimate the amount of exchangeable calcium (Rhoades, 1998; 
Sumner and Miller, 1996). Therefore, any ratios set up from the NH40Ac extraction 
and cation summation will be erroneous. From this research it was determined that 
the private labs, using the NH40Ac and summation method, more than doubled the 
average soil exchangeable Ca, the CEC , and the Ca:Mg ratios compared to the 
NH4Cl and NaOAc/NaCl procedures. More research needs to be done to determine 
how many private labs are using these procedures for calcareous-based sand 
samples, and how these possibly false analyses are affecting fertilizer 
recommendations. 
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APPENDIX1 
TURFGRASS TISSUE NUTRIENT RANGES 
Table 1. Sufficiency Ranges for tissue nutrient content of creeping bentgrass 
(Agrostis palustris), Bermudagrass (Cynodon dactylon), Perennial ryegrass (Lolium 
perenne), and St. Augustinegrass (Stenotaphrum secundatum). And Survey Ranges for 
Kentucky bluegrass (Poa pratensis), Creeping bentgrass, Tall Fescue (Festuca 
arundinacea), and Zoyisiagrass (Zoysia japonica 'El Toro'). The limits for the 
Sufficiency Ranges have been more precisely defined over a variety of different 
growing conditions compared to the limits of the Survey Ranges.+ 
Sufficiency and Survey Ranges 
Ca N p K Mg Mn 
g·kg-1 mg•kg-1 
Sufficiency Ranges 
Creeping bentgrass 5.0-7.5 45-60 3.0-6.0 22-26 2.5-3.0 50-100 
Bermudagrass 3.5-10 23-50 1.5-5.0 10-40 1.3-5.0 25-300 
Perennial ryegrass 2.5-5.1 33-51 3.5-5.5 20-34 1.6-3.2 30-73 
St. Augustinegrass 3.0-5.0 19-30 2.0-5.0 25-40 1.5-2.5 40-250 
Survey Ranges 
Kentucky bluegrass 2.7-5.8 25-51 2.7-4.0 17-30 1.3-1.6 30-160 
Creeping bentgrass 2.1-5.0 24-83 2.0-5.5 8.6-26 0.9-2.2 30-160 
Tall Fescue 4.0-4.5 34-47 3.4-5.0 30-40 2.4-2.9 54-74 
Zoysia grass 4.2-5.2 19-22 1.8-2.6 11-15 1.3-1.5 26-31 
+ Values from Mills, H.A. and J.B. Jones, Jr .. 1996. Plant Analysis Handbook II. 
Micromacro Publishing, Athens, GA. p. 347- 353. 
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APPENDIX2 
SOIL TEST RANGES 
Table 1. Soil test designations for 10 different nutrients in turfgrass soils. 
Nutrient Pounds per mg•kg-1+ Designation Acre 
Phosphorusn <10 <5 Very Low 
12-20 6-10 Low 
20-40 10-20 Adequate 
>40 >20 High 
Potassiumn <80 <40 Very Low 
81-350 41-175 Low 
350-500 175-250 Adequate 
>500 >250 High 
<500 <250 Low Calcium+ 
Magnesium <40 <20 Low 
Sulfur+ <15 <7.5 Low 
15-50 8-25 Medium 
>50 >25 High 
<0.5 <0.25 Low Boron+ 
0.5-1.5 0.25-0.75 Medium 
>1.5 >0.75 High 
<0.5 <0.25 Low Copper+ 
0.5-5 0.25-5 Medium 
>5 >2.5 High 
<15 <7.5 Low Iron+ 
15-120 7.5-60 Medium 
>120 >60 High 
<10 <5 Low Manganese+ 
10-50 5-25 Medium 
>50 >25 High 
<2 <1 Low Zinc+ 
2-5 1-2.5 Medium 
>5 >2.5 High 
n Values taken from Christians, N.E. 1998. Fundamentals of turfgrass management. 
Ann Arbor Press, Inc. Chelsea, MI. p. 109 
t Values taken from Puhalla, J., J. Krans, and M. Goately. 1999. Sports fields: A 
manual for design, construction, and maintenance of sports fields. Ann Arbor 
Press, Chelsea, MI. p. 41. 
+ Assuming that an acre-furrow slice weighs 2 million pounds. 
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